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Variation of Method for Measurement of Brachial Artery Pressure
Significantly Affects Ankle–Brachial Pressure Index Values
N. U. O. Jeelani, B. D. Braithwaite∗, C. Tomlin and S. T. MacSweeney
Academic Department of Vascular Surgery, University Hospital, Nottingham
Background: measurement of ankle brachial pressure indices (ABPI) is important in the assessment of patients with
peripheral vascular disease.
Methods: thirty-one hospitals with a vascular surgeon were selected at random. A telephone questionnaire was completed
to assess the method used for the measurement of ABPI. Following the survey, 14 patients with peripheral vascular
disease had their ABPI measurement done by two observers, a pre-registration house officer and a clinical nurse practitioner.
Observers were blinded to their own and each other’s results. Brachial systolic pressures were obtained using a
DINAMAPTM (Critikon, Tampa, U.S.A.) automated blood pressure monitor, the Korotkoff method (12 cm cuff, parallel
wrap) and an 8 MHz Doppler probe (Huntleigh) and sphygmomanometer. Ankle systolic pressures were obtained using
the Doppler probe. The results were analysed using the Wilcoxon signed rank test.
Results: the survey demonstrated that at the majority of centres with vascular laboratories the brachial artery systolic
pressures were measured using a Doppler probe. In contrast, at centres where the house officers performed the routine
measurements, over 60% used the Korotkoff method to obtain this reading. One in four nurse practitioners used the
Korotkoff method. When the ABPI values were calculated, the DINAMAP produced significantly higher median values
than the Korotkoff (0.79 vs 0.72, p=0.003) and Doppler methods (0.79 vs 0.70, p<0.0001). The nurse had a higher
median ABPI value of 0.76 compared with the doctor (0.71, p=0.01).
Conclusion: this study shows that measurement of ABPI varies in different vascular units. The technique for ABPI
measurement should be standardised.
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Introduction Method
When patients present with lower limb ischaemia, Telephone survey
the ankle brachial systolic pressure index (ABPI), can
provide a simple, reliable, and reproducible method Some 47 hospitals were selected at random from a
of assessment.1–5 ABPI measurement was first used in national directory of hospitals. Thirty-five employed
the 1960s.5 It has since gained widespread use. It a vascular surgeon.
is non-invasive and can be performed repeatedly to Those hospitals with a vascular surgeon were con-
monitor the outcome of peripheral vascular surgery tacted via telephone and the following protocol was
and interventional radiology.6,7 The original de- employed: if the hospital had a vascular laboratory
scription for ABPI measurement did not specify how that performed most of the routine ABPI meas-
the brachial systolic blood pressure should be meas- urements, then the technician was contacted. If the
ured.5 hospital did not have a vascular laboratory, the vas-
The aim of this study was to identify the methods cular clinical nurse practitioner or pre-registration
used for the measurement of ABPI in several vascular house officer was contacted. Each respondent was
units and then to identify what effect the methods had asked to explain how they would obtain an ABPI
on ABPI values. reading. When a hospital employed both a vascular
nurse practitioner and a house surgeon to perform
∗ Please address all correspondence to: B. D. Braithwaite, De- ABPI measurement, both of their responses were in-partment of Surgery, Queen’s Medical Centre, Nottingham NG7
2DU. cluded in the study.
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Assessment of the effect of different methods of Results for different methods of measurement of ABPI
measurement of ABPI
The values for brachial pressure obtained by the house
officer and nurse practitioner are shown in Table 1.After the telephone survey was done, some 14 patients
with peripheral vascular disease were selected at ran- The median pressure obtained by the DINAMAP was
135 mm (range 100–150) Hg which was significantlydom from the inpatient population of a vascular unit
within a teaching hospital (mean age 69 years (range lower than that obtained by the Korotkoff (150 mmHg
(r 125–185), p=0.0002) and the Doppler (155 mmHg (r48–86 years)). Each patient had their ankle brachial
pressure index measured after lying supine for 15 min. 120–190), p<0.001).
When the ABPI values were calculated, the DI-In all patients the ankle systolic pressure was measured
using a contour wrapped, 12 cm cuff attached to a NAMAP produced significantly higher median values
than the Korotkoff (0.79 vs 0.73, p=0.003) and Dopplermercury sphygmomanometer and an 8 MHz Doppler
probe (Huntleigh). Their brachial systolic meas- methods (0.79 vs 0.70, p<0.0001).
The nurse had a higher median ABPI value of 0.76urements were done using three methods: an auto-
mated device (DINAMAPTM, Critikon, Tampa, U.S.A.), compared with the doctor (0.71, p=0.01) (Table 2).
a mercury sphygmomanometer and stethoscope
(Korotkoff), and a mercury sphygmomanometer and
8 MHz Doppler probe (Doppler). Each reading was
Discussiontaken repeatedly until the difference between two
consecutive readings was less than 5 mmHg.
This study has shown that everyday practice differsMeasurements were obtained by a surgical pre-
from theory. Among the hospitals contacted there wasregistration house officer and a clinical nurse prac-
variation in the methods employed for the measure-titioner using the Korotkoff and Doppler methods.
ment of brachial systolic pressures. The three differentThe measurements were taken by both individuals
techniques affected the value of the ABPI and com-within 35 min of each other, in no specific order. Each
pounded the existing inter- and intra-observer errors.was blinded to the other observer’s results. To avoid
Although small, the study produced important in-bias, the sphygmomanometer readings were noted
formation about the value of ABPI measurement. Thedown by a third observer when the doctor or nurse
response rate of 89% to a telephone questionnaire wassaid they could hear the return of arterial flow.
better than might be expected from a postal survey.The brachial pressure readings obtained by the
The method relied on direct contact with the morehouse officer and nurse were compared with those of
junior members of the surgical team, and it is possiblethe DINAMAP and analysed using Wilcoxon signed
that some may not have known of the existence of arank test. Similarly, the value for the ABPI calculated
vascular laboratory within the unit. Nevertheless, onlyusing the DINAMAP, Korotkoff and Doppler methods
17 of the 31 hospitals had a vascular laboratory.were compared. Finally, the nurse’s and doctor’s values
In the original study of Doppler index assessment,for ABPI were compared.
no advice was given on the measurement of brachial
pressures.5 Most vascular laboratory technicians used
the Doppler, but over 60% of the junior doctors used
the Korotkoff method. One of the vascular laboratoriesResults
within the survey used a DINAMAP to take repeated
brachial systolic readings while simultaneously meas-Telephone survey
uring the ankle systolic pressures with the Doppler
probe. At another institution, which did not have aSome 31 hospitals agreed to participate (89% response
rate). Seventeen had a vascular laboratory. Four em- vascular laboratory, no routine ABPI measurements
were performed.ployed a nurse practitioner. Ten hospitals employed
more than one person to measure ABPI. One unit The DINAMAP, Korotkoff and Doppler methods all
produce a measurement of ABPI but each differs fromdid not perform the technique. Some 41 people were
therefore interviewed. the other two. It would have been of interest to com-
pare direct arterial pressure measurements with theSixteen of the vascular laboratory technicians used
the Doppler to measure brachial pressures. One used three modalities so as to assess their variation. Invasive
measurements in these patients was not possible, asa DINAMAP. Eight house officers and three nurse
practitioners used the Doppler. Twelve house officers ethics committee permission was not granted. Future
studies might address this issue.and one nurse practitioner used the Korotkoff method.
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Table 1. Mean systolic pressures obtained using a DINAMAP, the Korotkoff method and hand-held Doppler by the two observers.
Clinical nurse practitioner House officer
Pt No. DINAMAP Brachial Brachial Ankle Brachial Brachial Ankle
Korotkoff Doppler Doppler Korotkoff Doppler Doppler
1 135 150 160 14 165 160 20
2 100 130 146 144 120 120 110
3 150 150 156 110 165 160 110
4 127 140 154 98 145 140 105
5 148 140 160 110 185 180 90
6 140 136 138 44 145 150 40
7 150 160 166 104 150 170 80
8 140 130 130 110 135 140 100
9 113 180 170 140 170 185 120
10 110 140 130 130 125 125 120
11 110 152 164 132 160 155 115
12 130 150 148 180 130 150 115
13 140 150 186 220 180 190 215
14 135 135 142 58 135 135 72
Table 2. Ankle brachial pressures obtained by the two observers using a DINAMAP, the Korotkoff method and hand-held Doppler
for measurement of brachial systolic blood pressure.
Clinical nurse practitioner House officer
Pt No. DINAMAP Brachial Brachial DINAMAP Brachial Brachial
Korotkoff Doppler Korotkoff Doppler
1 0.10 0.09 0.09 0.15 0.12 0.13
2 1.44 1.11 0.99 1.10 0.92 0.92
3 0.73 0.73 0.71 0.73 0.67 0.69
4 0.77 0.70 0.64 0.83 0.72 0.75
5 0.74 0.79 0.69 0.61 0.49 0.50
6 0.31 0.32 0.32 0.29 0.28 0.27
7 0.69 0.65 0.63 0.53 0.53 0.47
8 0.79 0.85 0.85 0.71 0.74 0.71
9 1.24 0.78 0.82 1.06 0.71 0.65
10 1.18 0.93 1.00 1.09 0.96 0.96
11 1.20 0.87 0.80 1.05 0.72 0.74
12 1.38 1.20 1.22 0.88 0.88 0.77
13 1.57 1.47 1.18 1.54 1.19 1.13
14 0.43 0.43 0.41 0.53 0.53 0.53
After surgical or radiological intervention, the con- often able to evaluate the distal circulation in a more
reliable fashion than junior medical staff.12,13sensus opinion is that a change of greater than 0.15
of ABPI is required to show a clinically significant ABPI data are often included in clinical trials. A
description of the methodology used for its assessmentchange.8–10 Factors both intrinsic to the cardiovascular
status of the patient and measurement errors con- ought to be included in the trial protocol. This study
supports the philosophy that no ABPI measurementstribute to this figure change.8–11 A difference of 0.15
assumes that the same techniques are employed should be done rather than to record and act on
inaccurate readings obtained by untrained clinicians.14throughout in measuring serial ABPI’s.
In this study, the mean difference of ABPI between To reduce the degree of potential error, vascular de-
partments should ensure that staff are trained to usethat calculated after a DINAMAP reading and a Dop-
pler reading was 0.15. The mean difference of ABPI only one method of ABPI measurement.
obtained by the two observers was 0.05 (Table 2). The
greatest variation possible was therefore 0.2. This 20%
margin of error makes the calculation of serial ABPI
values, using more than one method of brachial pres-
Referencessure measurement, of little clinical value. The variation
between observers has been well reported and it has 1 Yao S. Haemodynamic studies in peripheral arterial disease. Br
J Surg 1970; 57: 761–765.been shown that vascular nurses or technicians are
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